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( ) , 4
( \mbox{\boldmath $\omega$} )
.
2
$\{0,1,- 1,2,- 2, \ldots\}$ Z , ( ) {0,1,2, $\ldots$ }
N X $\mathrm{Y}$ , $Y^{X}$ X $Y$ {f $|f$ : $Xarrow Y$ }
. $X$ $X=\{x_{1}, x_{2}, \ldots, x_{n}\}$ , $f\in \mathrm{Z}^{X}$
$\mathrm{Z}$
$n$ (f(xl), $f(x_{2}),$ $\cdots,$ $f(x_{n})$ ) $-$ . ,
$f,$ $g\in \mathrm{Z}^{X}$ $z\in \mathrm{Z}$ , $f+g$, $zf$ , $f\leq g$
. $F\subseteq \mathrm{Z}^{X}$ , $F$ $\mathrm{K}\mathrm{s}$
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\uparrow F .
$\uparrow F=$ { $m’|$ $m\in F$ $m’\geq m$}.
$\Sigma$
$\text{ }\mathrm{K}\mathrm{s}$ . \Sigma \Sigma * ,
\mbox{\boldmath $\lambda$} . , \Sigma \Sigma 0 . ,
$\Sigma^{\omega}=\{a_{\iota^{a}}2\ldots|a_{1}, a_{2}, \cdots\in\Sigma\}$ .
$\alpha=a_{1}a_{2}\cdots\in\Sigma\omega$ , \alpha $n$ $a_{n}$ $\alpha(n)$ .
$u\in\Sigma^{*}$ $\alpha\in\Sigma^{*}(\Sigma\omega)$ , u\alpha $u$ $\alpha$ $\Sigma^{*}(\Sigma\omega)$
. \alpha =u\beta , $u$ \alpha , $u\subseteq\alpha$ .
$N$ $N=(P,$ $T,$ $A,$ $m_{0)}$ 4 . ,
$P$ (place) , $T$ (transition) , $A$ :
$Tarrow \mathrm{N}^{P}\mathrm{x}\mathrm{N}^{P}$ - \check -- $f$ , $m_{0}\in \mathrm{N}^{P}$ , .
$t$ , $A(t)=\{A(t),$ $A(t)\rangle$ – ( $\mathrm{K}\mathrm{L}’$ )
$A(i),$ $A(t)$ $t$ , .
1 $N=(\{p_{1},p_{2},p_{3}\}, \{t_{1},t_{23}, t\}, A, \langle 1,1,0\rangle)$ . ,
$A(t_{1})=\{\langle 1,0,1\rangle, \langle 1,1, \mathrm{o})), A(t_{2})=\mathrm{t}\langle 1,1,0\rangle, (0,0,1\}\},$ $A(t_{3})=(\langle \mathrm{o}, 1,0),$ $\{0,0,2\rangle\rangle$ ,
. $N$ . $\mathrm{O}\text{ _{ }-}$
, $|$ . , $P$ $t\text{ }.A(\gamma)(p)$
, $t$ $p$ $A(t)(p)$ .
. ( ) . ,
$p$ , , $m_{0}(p)$ .
$\mathrm{k}-$ $m\in \mathrm{N}^{P}$ $N$ .
, $m$ ,
$p$ $m(p)$ $\mathrm{t}\cdot-$ . O $m$
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$m\geq A(t)$ , $t$ $m$
$m’=m-A(t)+A(t)$ .
. $m[t\rangle$ $m[t\rangle$ $m’$ . $t$
A(t)(P) $P$ , $A(t)(p)$
$P$ .
. ,
$m[t_{1}\rangle m\iota[t_{2}\rangle m_{2}\ldots mn-1[t\rangle nm’$




2 1 $N$ , \tau $\langle 1, 1, 0\rangle$
$t_{2}$ t, . $t_{2}$ $(0,0,1)$ ,
( ).
$t_{3}$ , $t_{1}$ ,
$\langle 1, 1, \mathrm{o}\rangle[t3\rangle\langle 1, \mathrm{o}, 2\rangle[t_{1}\rangle \mathrm{t}1,1,1\rangle$






$N=(\{p_{1}, \cdots,p_{\epsilon}\}, \{t_{1}, \cdots,i_{4}\}, A, (0,1,1,0,0))$
, $A(t_{1})=\{\langle 1,0,0,$ $\mathrm{o},$ $\mathrm{o}),$ $\langle 0,1,0, \mathrm{o}, 1)), A(t_{2})=(\langle 0,1,0,0,0\rangle, \langle 1,0,0,0,0\rangle\rangle$,
$A(t_{\epsilon})=\langle\langle 0,0,1,0,1\rangle, \{0,0,0,1,0\rangle\rangle,$ $A(t_{4})=\langle\langle 0,0,0,1, \mathrm{o}\rangle, \langle 0,0,1, \mathrm{o}, 0\rangle\rangle$
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. $p_{2}$ , $p_{3}$
, $t_{1},$ $t_{2}$ , $t_{3},$ $t_{4}$








$N=(\{p_{1},p2,p_{3}\}, \{t_{1}, \cdots, t_{4}\})A,$ $\langle 0,0, n\rangle)$
, $A(t_{1})=\langle\langle 0,0,1),$ $\langle 1,0,0\rangle)_{;}A(t_{2})=\langle\langle 1,0,0\rangle, \langle 0,0,1\rangle\rangle,$ $A(t_{3})=$





( $p\iota$ ( )
, $p_{3}$ $n$ ).
, , $0$




$\Sigma$ $N$ $N=(P, T, A, m_{0}, e, F)$ 6
. , $P,$ $T,$ $A,$ $m_{0}$ , , $e$ : $Tarrow\Sigma\cup\{\lambda\}$
, $F\subset \mathrm{N}^{P}$ , . ,
.
$N$ , $N$ ,




1. 1 1 , $e:Tarrow\Sigma$ ,
. (free)
2. \mbox{\boldmath $\lambda$} , $e$ : $Tarrow\Sigma$ , –
.
3. , $e:Tarrow\Sigma\cup\{\lambda\}$ , , .
,
.
, $\text{ }$ ( ) 4
.
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1. $\mathrm{P}$ : , ,
$P(N)=\{e(u)|u\in T^{*}, m_{0}[u\rangle\}$
, .
2. $\mathrm{T}$ : ,
$T(N)=$ { $e(u)|u\in T^{*},$ $m0[u\rangle m$ $m$ }
, ( )
.
3. $\mathrm{L}$ : F ,
$L(N)=\{e(u)|u\in T^{*}, m_{0[u\rangle m}\in F\}$
. $\mathrm{L}$ ,
, m’ $\geq m[u\rangle$
$m’[u\rangle$ . , $\mathrm{G}$
.
4. G :F ,
$G(N)=\{e(u)|u\in T^{*}, m_{0[u\}m}\in\uparrow F\}$
5 $N=(\{p_{1}, \ldots,p_{5}\},$ $\{t_{1}, \ldots, t\epsilon\},$ $A,$ ( $1,0,$ $\mathrm{o},$ $\mathrm{o},$ $1\}$ , $e,$ $\{(0,0,1,0,0\rangle\})$ .
,
$A(t_{1})=\langle\langle 1,0,0,0, \mathrm{o}\rangle, (0,1, \mathrm{o}, 0, \mathrm{o}\rangle\rangle,$ $A(t_{2})=\langle\langle 1,0,0,0,0\rangle,$ $\langle 1,0,0,1,0)\rangle$ ,
$A(t_{3})=\langle(0,1,0,0,0), (0,0,1, \mathrm{o}, \mathrm{o}\rangle\rangle,$ $A(t_{4})=(\mathrm{t}0,1,0,1,0),$ $\langle 0,1, \mathrm{o}, \mathrm{o}, 1\rangle\rangle$ ,
$A(t_{5})=\langle\langle 0,0,1, \mathrm{o}, 1), (0,0,1, \mathrm{o}, 0\rangle)$ ,




$P(N)=\{u|u\subseteq a^{k}\iota m1\leq C^{n},n\leq m\leq k\}$







1 1 $\mathrm{P}_{f}$ $\subset$ $\mathrm{G}_{f}$ $\mathrm{L}_{f}$ $\mathrm{T}_{f}$
$\cap$ $\cap$ $\cap$ $\cap$
\mbox{\boldmath $\lambda$} $\mathrm{P}$ $\subset$ $\mathrm{G}$ $\subset$ $\mathrm{L}$ $\subset$ $\mathrm{T}$
$\cap|$ $\cap|$ nl $\mathrm{r}\iota$
$\mathrm{P}_{\lambda}$ $\subset$ $\mathrm{G}_{\lambda}$ $\subseteq$ $\mathrm{L}_{\lambda}$ $=$ $\mathrm{T}_{\lambda}$
, ,
. ,
$\cup$ , , $\mathrm{C}$ ,
. : $A\cdot B=$ {$xy|x\in A$ $y\in B$ },
$\triangle$ : $A\triangle B=\{x_{1}y1^{X}2y2\ldots Xynn|$
$x_{\iota},$ $\cdots,$ $x_{n},$ $y1,$ $\cdots,$ $y_{n}\in\Sigma^{*},$ $x1x_{2n}\ldots x\in A,$ $y1,$ $y2,$ $\cdots,$ $yn\in B\}$
$\mathrm{R}$ : $A^{\mathrm{R}}=\{a_{n}\cdots a_{2}a_{1}|a_{1}, \cdots, a_{n}\in\Sigma, a1a2\ldots a_{n}\in A\}$ .






$\mathrm{L}_{f}, \mathrm{G}_{f}, \mathrm{T}_{f}, \mathrm{P}_{j}$
$\mathrm{O}\mathrm{O} \cross \mathrm{O}\mathrm{O}\mathrm{O}$
$\mathrm{O}\mathrm{O} \cross \mathrm{O}\mathrm{O} \cross$
$\mathrm{O}\mathrm{O} \mathrm{O}\mathrm{O}\mathrm{O}$
$\mathrm{O}\mathrm{O} \cross \mathrm{O}\mathrm{O} \cross$
$\cross \mathrm{O} \cross \mathrm{O}\mathrm{O}\mathrm{O}$









\mbox{\boldmath $\delta$}(p, $a$ ) $=q$ , $P$ $q$
1 .
, 1
. , $\mathrm{L}$ .
, 5 $\{a^{n}b^{n}cn|n\geq 1\}\in \mathrm{L}$ , $\mathrm{L}$
, .
, $|\Sigma|=k>1$ , $I\mathrm{f}=\{ww^{R}|w\in\Sigma^{*}\}$ $\mathrm{L}$
. $\mathrm{L}$ $N$ If , r
. ,
– , r
, r $m$ ( $m$
N )




. , $\mathrm{L}$ .
, $\mathrm{L}$ ,
, $N$ , $L(N)=L(N^{l})$
N’ .
$N’=(P’, T’, A’, m’e0”, \{m_{f}^{i}\})$ ,
1. $p_{\iota}\in$ P’ , $m_{0}’$
1
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2. $PJ$ \in P’ ,
1 $m_{f}’1$ .
3. $PJ$ .
$N=(P, T, A, m_{0}, e, F)$ . $N$
, $N$ 3 $p_{s},p_{r},pJ$ $P’=P\cup\{pS’ p_{r}, pJ\}$
. $p_{r}$ , $N$
$N$ t\in T $p_{r}$ $p_{r}$ 1
.
, $N$ $\{t_{1,\text{ }}. . , tk\}$ ,
$m_{0}[t_{*}\rangle$ $mi$ $(i=1, \ldots, k)$ . $N$ k , ... , $t_{k}’$ .
$t_{:}’$
$p_{\iota}$ 1 , $N$ $P$ $m_{*}(p)$
p, 1 , $t_{i}$ . $t’.\cdot$
, $N$ $t_{i}$ $N’$
, $p_{*}$ $p_{r}$ .
, $N$ $t\in T$ $m,$ $m[t\rangle$ $m_{1}\in F$ , $t$
$t_{m}$ . $t_{m}$ , $p_{r}$ 1 , $N$
$P$ $m(p)$ , Pf
1 . $t_{m}$ , $N$ $m[t\rangle$ $m_{1}\in F$ , $m_{1}$
N’ $m_{1}’$ , $m’[t_{m}\rangle$ $m’f$ .
, $N$ .
2 $\mathrm{L}$ , , , ,
.
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. $N_{1},$ $N_{2}$ . $L(N_{1})\cdot L(N_{2})$
, $N_{2}$ $N_{1}$ –
.
$L(N_{1})\cup L(N_{2})$ , $N_{1}$ $N_{2}$
– , $N_{1}$ $N_{2}$ – .






. , $L(N_{1})\cap L(N_{2})$










. $\mathrm{G}$ $\uparrow F$ .
$N=(P, T, A, e, m_{0}, F)$ $\alpha\in T^{*}\cup T^{\omega}$
$m_{0}[\alpha(1))m_{1}[\alpha(2)\}m_{2}\ldots$
, $N(\alpha)=m_{01}mm2\cdots$ .








$\mathrm{P}\dot{.}=$ {$L:(N)|N$ \Sigma } $(i=0, \ldots, 4)$ .
$[3, 4]$ $F$ $\uparrow F$ $\mathrm{L}$ \mbox{\boldmath $\omega$}
.
6 $N=(\{p\}, \{s, t\}, A, e, \langle 0\rangle, \langle 2\rangle\})$ . , $A(s)=\langle\langle 0\rangle,$ $\langle 1))$ ,
$A(t)=\langle\langle 1\rangle,$ $\langle 0)\rangle,$ $e(s)=a,$ $e(t)=^{\iota}$ .
$N$ ,




$L_{4}(N)=\{u|\# a(u)=\# b(u)+2\}L\mathrm{o}(N)\cap L_{0}(N)$ ,
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, $\neq_{a}(u)$ $a$ $u$ , $D$ $\{a, b\}$
Dyck .
$M=(Q, \Sigma, \delta, s, F)$ , $Q$ ,
$\Sigma$ , \mbox{\boldmath $\delta$} $\subseteq Q\cross\Sigma\cross Q$ , $s$ ,
$F$ . \alpha $=\langle q_{1}, a_{1},p1\rangle\langle q_{\mathit{2}}, a_{\mathit{2}}, p2\rangle\ldots\in\delta^{\omega}$
$q_{1}=s$ $i$ $p_{i}=q_{i+1}$ , $M$ . $M$
$\text{ }\alpha=\langle q_{\iota}, a1,p1\rangle\langle q\mathit{2}, a\mathit{2}, p\mathit{2}\rangle\ldots$ , $M(\alpha)=q1q_{\mathit{2}}q_{s}..2$ $\Sigma(\alpha)=a_{1}a_{\mathit{2}}\ldots$
.
, , M 5 \mbox{\boldmath $\omega$}
$L_{0}(M)=$ {\Sigma (\alpha )|\alpha $M$ }, $L_{1}(M)=\{\Sigma(\alpha)|M(\alpha)\cap F\neq\phi\},$ $L_{2}(M)=$
$\{\Sigma(\alpha)|\underline{M(\alpha)}\subseteq F\}$ ,
$L_{3}(M)=\{\Sigma(\alpha)|\underline{M(\alpha)}\cap F\neq\phi\},$ $L_{4}(M)=\{\Sigma(\alpha)|\underline{\underline{M(\alpha)}}\subseteq F\}$ .
, $\mathrm{E}_{i}=$ { $L_{i}(M)|M$ \Sigma } $(i=0, \ldots, 4)$
\mbox{\boldmath $\omega$} , Eo $=\mathrm{E}_{2}\subset \mathrm{E}_{1}=$
$\mathrm{E}_{4}\subset \mathrm{E}_{3}$ [6, 7, 11].
\mbox{\boldmath $\omega$} $\mathrm{P}_{i}$
, \mbox{\boldmath $\omega$}
. $N=(P, T, A, e, m0, \phi),$ $R\subseteq\tau^{\omega}$ ,
$L(N, R)=$ { $e(\alpha)|m_{0}[\alpha\rangle$ and $\alpha\in R$ }
.
3 $i=0,$ $\ldots,$ $4$ $\mathrm{P}_{i}=$ { $L(N,$ $R)|N$ , $R\in \mathrm{E}_{i}$ }.
. $N=(P, T, A, e, m_{0}, \phi),$ $M=(Q, \Sigma, \delta, s, F)$ , $L_{i}(M)=R$ .
$N$ $M$ N’ , $N$ $M$ ,
$L(N, R)=L(N, Li(M))=L\cdot(*)N’$ .
$N=(P,$ $\tau,$ $A,$ $e,$ $m_{0,)}F,$ $L=L_{i}(N)$ . $t\in T$ $m\in F$ ,
$t_{m}$ $N$ , $t$ . , $m_{1}[t_{m})m_{2}\text{ }$
$m_{1}\geq m$ ml[tm $\rangle$m2 . $m_{1}\geq m\in F$
$m_{1}\in\uparrow F$ , $t_{m}$ $t$ ,
$\uparrow F$ .
$T_{F}=$ {$t_{m}|t\in T$ $m\in F$ } ,
119
$L_{0}(N)=L(N’,\tau^{\omega}),$ $L_{1}(N)=L(N’,\tau*\tau F\tau^{\omega}),$ $L2(N)=L(N’, \tau_{F}^{\omega})$ ,
$L_{3}(N)=L(N’, (T^{*}TF)^{\omega}),$ $L_{4}(N)=L(N’,$ $T^{*\tau^{\omega})}F$
, $\tau^{\omega}\in \mathrm{E}_{0},$ $\tau*\tau_{p}\tau\omega\in \mathrm{E}1,$ $T^{\omega_{\in}}p2\mathrm{E},$ $(T^{*}TF)^{\omega}\in \mathrm{E}_{3},$
$T^{*}\tau^{\omega}\in \mathrm{E}_{4}F\square$
. $[6, 7]$
4 $\mathrm{P}_{0}=\mathrm{p}_{2}\subset \mathrm{P}_{1}=\mathrm{P}_{4}\subset \mathrm{p}3$ .
. Po $=\mathrm{P}_{2}\subseteq \mathrm{P}_{1}=$ P4 $\subseteq \mathrm{P}_{3}$ 3 $\mathrm{E}_{*}$
. , $\mathrm{P}_{:},$ $i=0,1,3$ .
, $N$ , $L_{0}(N)$
, $L_{1}(N)$ $\mathrm{p}_{0}$ $\mathrm{P}_{1}$
. , $L\Sigma\omega$ , (L\Sigma
. .
$N=(P, T, A, e, m_{0}, F),$ { $u|u$ $\alpha$ } $\subseteq\{u|u\subset\alpha\in L_{0}(N)\}$ . $L_{0}(N)$
, $\alpha\in L_{0}(N)$ . $\alpha$
$C=$ { $w|e(w)$ $\alpha$ $m_{0}[w\rangle$ }
, K\"onig , $\beta\in\tau^{\omega}$ , $\{u|u\subset\beta\}\subseteq C$ .
$m_{0}[\beta\rangle$ $e(\beta)=\alpha$ , $\alpha\in L$ .
$m\in \mathrm{N}^{P}$ , $N_{m}=(P, T, A, e, m, F)$ .
$L_{1}(N)=\cup\{e(w)L_{0}(N_{m})|m_{0}[w\rangle m\in\uparrow F\}$





\ell c \mbox{\boldmath $\omega$} .
5 \mbox{\boldmath $\omega$} $\mathrm{P}_{*}(i=0,1,3)$ ,
, .
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. $N’=(P’, T’, A’, e’, m’, \phi)$ $N”=(P^{u}, \tau^{\iota l}, A/’,\prime\prime, me\emptyset/’))$
$N$ . $N=(P’\cup P’’, T, A, e, m^{l}\oplus m^{\prime/}, \emptyset)$ ,
,
$T=\{\langle t’,t’’\rangle\in T’\cross T’|e’(t’)=e’’(t")\}$ ,
, $\langle t’, t’’\rangle\in T$ ,
$A((t’,t’/\rangle)=(A’(t’)\oplus A$ “ $(t”),$ $A’(t’)\oplus A’’(t’’)\rangle$ ,
$e(\{t’, t;’))=e’(t’)$
. , ( $A’(t’)\oplus A’;(t\prime\prime)\rangle \text{ }A’(t’)\text{ }$ $A”(t”)$
$\mathrm{N}^{P’\cup P^{\ell\prime}}$ .
, $R’\subseteq T^{r\omega},$ $R^{u}\subseteq T^{l/\omega}$ ,
$R_{\mathrm{U}}=$ { $\langle t_{1}’,$ $t\tau\rangle 0_{\mathit{2}}’,t^{\prime/}2\rangle\cdots\in\tau^{\omega}|t’t’\cdots\in 12R1$ $t_{1}’’t’\cdots\in R_{2}$ },
$R_{\cap}=$ { $\langle t_{1}’,t_{1}’J\rangle(t_{22}’,t’’\rangle\cdots\in T^{\omega}|t’t’\cdots\in 12R1$ $t\mathit{7}t’’\cdots\in 2R2$ }
,
$L(N’, R’)\cup L(N’’, R^{\prime/})=L(N, R_{\cup})$ ,
$L(N’, R’)\cap L(N^{n}, R^{\prime/})=L(N, R_{\cap})$
.
$\mathrm{P}_{0}$ $\mathrm{P}_{1}$ , 4
, \mbox{\boldmath $\omega$} , . $\mathrm{P}_{3}$
. 6 $L_{3}(N)=L_{0}(N)-D(ab)^{\omega}$
, $(\Sigma\omega-L_{3}(N))\cap L0(N)=D(a\iota)\omega$ , $L_{3}(N)=D(ab)\omega$
$N=(P, T, A, m_{0}, e, F)$ . ,
$j,$ $k$ $m_{0}[a^{\mathrm{j}}\rangle$ $m\iota[ak\rangle$ $m2$ $m_{1}\leq m_{2}$ . $a^{j}\dot{\mathcal{U}}(ab)^{\omega}\in L_{3}(N)$
, $a^{j+k}b^{j}(ab)^{\omega}\in L_{3}(N)$ , . ,
$\mathrm{P}_{3}$ .
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